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SUMMARY  OF  RESULTS 


The  research  completed  under  the  auspices  of  Grant  DAA  L03- 
86-6-0001  was  very  successful.  Results  were  published  and 
presentations  were  made  at  national  scientific  conferences. 

A.  The  work  we  now  review  highlights  some  of  our  more 
important  efforts: 

I.  Studies  on  MMNi.  .^Fe_  oc 
^  4.150.85 

We  investigated  the  magnetic  and  structural 
properties  of  a  mischmetal-nickel-iron  inter- 
metallic  and  its  hydride,  using  magnetization, 

Mossbauer,  X-ray  diffraction,  and  SEM  measure¬ 
ments  . 

Magnetic  measurements  as  a  function  of  temperature 
were  run  on  the  mischmetal  and  its  hydride.  Both 
samples  have  a  Tc  near  200  K.  It  is  a  ferromagnetic 
or  f errimagnetic  type  ordering.  At  room  temperature, 
above  Tc,  hydrogenation  increased  the  susceptibility 
by  nearly  a  factor  of  two,  whereas  below  Tc,  the  sus¬ 
ceptibility  was  lowered  considerably.  Thus,  it  is 
very  clear  that  hydrogenation  has  affected  the  mag¬ 
netic  moments  although  the  basic  magnetic  ordering  of 
the  material  appears  to  remain  unchanged.  Tc  occurs 
near  200  K.  *-Th^re  was  a  peak  near  95  K  and  a  dip  near 
GO  K  in  both  samples.  Also,  both  samples  show  hyster- 
isis  of  M  vs  H.  Moments  did  not  saturate  after 
1000  oe. 

Mossbauer  measurements  were  made  as  a  function 
of  temperature.  The  'Fe  spectra  yielded  a  doublet 
at  room  temperature  and  demonstrated  a  change  in 
magnetic  behavior  similar  to  the  magnetization  results 
at  low  temperatures.  MMNi^  forms  an  unstable  hydride, 
requiring  impractical  high^pressures  for  hydriding  and 
exhibiting  a  large  hysteresis.  Partial  substitution  of 
Ni  atoms  with  Fe  atoms  lowers  the  absorption  pressure 
and  reduces  hysteresis.  X-ray  diffraction  measurements 
on  our  sample  showed  the  intermetal lie  to  be  single 
phase  with  the  hexagonal  structure  of  the  CaCu^  type. 

Scanning  electron  microscopy  showed  a  decrease  in 
particle  size  with  hydriding.  Cracks  due  to  straining 
in  the  material  as  a  result  of  hydriding  were  also 
observed.  The  magnetic  susceptibility  of  the  unhydrided 
sample  was  1078  x  10  emu/g  at  room  temperature  and 
increased  as  the  temperature  decreased.  One  sample  was 
alternatively  hydrided  and  desorbed  ten  times  in  an 
attempt  to  investigate  the  effects  of  hydriding.  This 


I 
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sample  showed  a  large  increase  in  the  susceptibility 
with  a  corresponding  change  in  magnetization  at  low 
temperature.  Similar  effects  have  been  observed  in 
other  intermetallic  compounds  upon  hydriding.  We 
attribute  the  increase  in  magnetization  to  the  forma¬ 
tion  of  nickel  or  iron  clusters  in  the  sample. 

Mossbauer  measurements  on  MMNi  .  i  85 

sample  as  being  single  phase  ahd^paramagnetic  with 
two  peaks  at  room  ^emperature  having  a  quadrupole 
splitting  of  1.00  -  O^Jl  mmsec  and  an  isomer  shift 
of  -.13  -0.01  mm  sec  with  respect  to  Fe  foil. 

These  values  are  similar  to  those  found 
for  LaNi^  9^®0  1  LaNi.Fe.  Our  results  coupled 

with  previous^measurements  seem  to  indicate  that  the 
crystal  structure  and  the  environment  of  the  iron 
have  the  greatest  influence  on  the  electron  density 
and  electric  field  at  the  Mossbauer  active  site.  It 
also  appears  that  these  parameters  are  not  affected  by 
the  element  at  the  rare-earth  site  since  the  rare-earths 
in  mischmetal  are  quite  different  from  those  studied 
previously.  Our  results  also  explain  why  previous 
measurements  of  hydrides  do  not  show  larger  changes  at 
the  transition  element  site  as  a  result  of  hydriding. 

This  is  quite  different  from  Mossbauer  results  on  in- 
termetallics  at  the  rare-earth  site  which  indicate  that 
hydriding  is  accomplished  by  the  formation  of  binary  rare- 
earth  hydrides. 

Measurements  on  a  hydrided  sample  taken  at  room 
temperature  showed  an  increase  in  the  isomer  shift, 
representing  a  decrease  in  the  electron  density  at  the 
nuclear  site.  When  the  hydrogen  was  desorbed,  the  isomer 
shift  values  were  the  same  as  that  found  for  the  unhydrided 
compound.  Results  from  this  work  will  be  submitted  to 
the  Journal  of  Less  Common  Materials  for  publication. 


II. 


Studies  on  Mg2Ni 


75 


Fe 


.25 


We  successfully  hydrided  the  Mg  Ni 

compound.  The  compound  absorbed  1^32  atoms  of  hydrogen  per 
molecule.  The  hydrogen  could  be  desorbed  around  300  C. 


Mossbauer  measurements  on  the  compound  rendered  a  single 
line  for  the  unhydrided  compound  with  an  isomer  shift  of  1.2 
mm/s  at  room  temperature.  This  shows  that  the  compound  is  in  a 
paramagnetic  state.  A  line  width  of  .689  indicates  the  possibility 
of  a  multiphase  compound.  This  is  in  agreement  with  the 
pressure  composition  isotherm  measurements.  Mossbauer  measure¬ 
ments  down  to  liquid  nitrogen  temperatures  showed  that  the 
sample  remained  paramagnetic  with  no  change  in  its  magnetic 
properties . 

Magnetic  susceptibility  measurements  showed  that  the  addition  of 
iron  increased  the  magnetic  properties.  Hydriding  the  compound 
caused  a  tremendous  increase  in  the  magnetic  properties.  The 
increase  was  so  large  that  we  were  not  able  to  make  measurements 
on  our  system. 


X-ray  diffraction  experiments  showed  the  compound  to  have  the 
same  structure  as  Mg2Ni.  We  plan  to  submit  results  of  this 
work  for  publication. 


Mossbauer  Measurements 

Room  Temp. 

90  K 


Magnetic  Susceptibility 
Mg2Ni 

75^^0.25 


Isomer  Shift 

1.20  mm/s 
1.37 

2.79  X  10  ^  cgs/g 
4.97  X  10  ^  cgs/g 


Line  Width 

0.689  mm/s 
0.419 


III.  Studies  on  High-Temperature  Superconductors 

A  collaborative  project  was  initiated  on  a  Mossbauer  study  of 
high  temperature  superconductors.  A  literature  investigation 
was  completed  and  work  begun  on  Eu  based  compounds.  Our  lab¬ 
oratory  was  successful  in  making  Mossbauer  measurements  on  Eu 
samples.  We  expect  our  laboratory  to  contiue  to  follow  this 
avenue  of  investigation. 
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